Molecular barcoding can serve as a powerful tool in wildlife forensics and may prove to be a vital aid in conserving organisms that are threatened by illegal wildlife trade, such as turtles (Order Testudines). We produced cytochrome oxidase subunit one (COI) sequences (650 bp) for 174 turtle species and combined these with publicly available sequences for 50 species to produce a data set representative of the breadth of the order. Variability within the barcode region was assessed, and the utility of both distance-based and character-based methods for species identification was evaluated. For species in which genetic material from more than one individual was available (n = 69), intraspecific divergences were 1.3% on average, although divergences greater than the customary 2% barcode threshold occurred within 15 species. High intraspecific divergences could indicate species with a high degree of internal genetic structure or possibly even cryptic species, although introgression is also probable in some of these taxa. Divergences between species of the same genus were 6.4% on average; however, 49 species were <2% divergent from congeners. Low levels of interspecific divergence could be caused by recent evolutionary radiations coupled with the low rates of mtDNA evolution previously observed in turtles. Complementing distance-based barcoding with character-based methods for identifying diagnostic sets of nucleotides provided better resolution in several cases where distance-based methods failed to distinguish species. An online identification engine was created to provide character-based identifications. This study constitutes the first comprehensive barcoding effort for this seriously threatened order.
Introduction
Turtles (order Testudines) are highly endangered as a group, with 42% of extant species classified as threatened and 10% classified as critically endangered by the IUCN (Buhlmann et al. 2009 ). Turtles face a similar battery of threats compared with other endangered taxa, including the effects of habitat loss, invasive species, pollution, disease and climate change; however, human overexploitation represents an especially acute threat to the survival of most threatened turtle species (van Dijk et al. 2000; Gibbons et al. 2000) . The turtle trade is at its most intense in China and Southeast Asia, where over 10 million individuals per year are traded as meat, pets or ingredients in traditional remedies (Turtle Conservation Fund 2002) . It is important to note, however, that the Asian turtle market handles species from around the world (Cheung & Dudgeon 2006; Nijman & Shepherd 2007) , with globalization of trade increasing as native Asian species become increasingly scarce.
The forensic applications of DNA barcoding have great potential as a means for quantifying and regulating trade in endangered turtle species (Ogden et al. 2009; Alacs et al. 2010) . Previous studies have shown that, given a comprehensive sequence database, COI can serve as a reliable forensic marker for identifying unknown zoological material to the species level (Dawnay et al. 2007) . The forensic applications proposed for barcoding run the gamut from identifying fish species in commercial markets (Costa & Carvalho 2007) to investigating bird-airplane collisions (Dove et al. 2008) . Recently, barcoding has been shown to be a reliable means of identifying material in the bushmeat trade (Eaton et al. 2010) . Despite the promise of utilizing DNA barcoding as a tool for their conservation, turtles have been underrepresented in the global barcoding effort. Prior to the initiation of this research, sequences from only 52 species had been deposited in the Barcode of Life Datasystems database (BOLD, accessed 26 February 2009) , and the species barcoded were also heavily skewed towards Asian pond turtles (family Geoemydidae) and tortoises (family Testudinidae). Turtles therefore represented a significant gap in the barcode catalogue that we intended to fill.
This report provides novel COI barcode sequences for 174 turtle species. The species barcoded here were chosen because they either appear on the IUCN Red List, indicating that they are species of conservation concern which would probably benefit from the forensic applications of barcoding, or because they belong to clades that are underrepresented within the Testudines with regard to previous barcoding efforts. Publicly available sequences as well as sequences for sea turtles produced in a previous study (Naro-Maciel et al. 2010) were added to these novel sequences to better evaluate variability and identification success across the entire order. Distance-based (Hebert et al. 2003 (Hebert et al. , 2004 and character-based approaches to barcoding (DeSalle et al. 2005; Kelly et al. 2007) were both evaluated to determine the effectiveness in distinguishing turtle species. While application of the barcode information gleaned here to quantifying or controlling the wildlife trade is beyond the scope of this report, this information represents a potentially powerful tool for combating the anthropogenic challenges currently faced by turtles on the global scale.
Materials and methods

Taxonomy, sample selection and acquisition
A list of all turtle species on the IUCN Red List (in every category except for 'Extinct') was compiled (IUCN 2009 ) and cross-referenced against a list of turtle species already present in the BOLD database to produce a master list of red-listed species without barcodes. The IUCN's taxonomic designations were checked against the most widely accepted account of turtle taxonomy (Turtle Taxonomic Working Group 2007) at the time of compilation and revised accordingly. The taxonomy used in this work does not account for several very recent changes in nomenclature (such as the reorganization of several chelid species into the new genus Myuchelys; Georges & Thomson 2009) . When several alternate genera were listed for a species, the species was assigned to a genus in a way that minimized the total number of genera under consideration. Non-IUCN-listed species from two turtle families (Chelidae and Pelomedusidae) that were underrepresented in the BOLD database were also added to the master list.
Species on this master list that were already represented in the American Museum of Natural History (AMNH)'s collection, either as extracted DNA or frozen tissue, were obtained directly from the museum. Availability of the remaining species was determined by querying the Association of Zoos and Aquariums (AZA)'s zoo holdings database, ISIS (http://www.isis.org ) and the museum herpetological collections database Herp-NET (http://herpnet.org). Once sources were identified, blood or tissue samples were obtained from a collaborating zoo, museum, university or from the authors' (Georges, Iverson, McCord) collections. In cases where species were protected by national law or listed under one of the appendices of the Convention on International Trade in Endangered Species, care was taken to obtain all relevant permits and observe applicable regulations for the collection of samples and transfer of specimens between institutions. When possible, aliquots of blood or tissue samples obtained from private collections have been deposited into the Ambrose Monell Cryo Collection (AMCC) at the AMNH for future reference. Owing to the nature of the sampling, original collection locality information was unavailable for many samples, including samples obtained from zoo animals and specimens obtained from the pet trade. Where available, voucher numbers and locality information have been uploaded as annotation to the Genbank and BOLD records for the novel sequences presented in this study.
DNA extraction and sequencing
DNA was extracted from blood or tissue using a DNeasy Tissue kit (QIAGEN Inc., Valencia, CA, USA). The COI barcode region was amplified from most species using either turtle-specific or universal primers from previous studies or primers designed in the course of this study (Table 1) . PCR conditions for all primer sets except the universal COI-3 primer cocktail were as follows: 95°C for 5 m; 35 cycles of 95°C for 45 s, 54°C for 45 s, 72°C for 45 s; 72°C for 6 m; 4°C indefinitely. PCR for the COI-3 primer cocktail (utilizing primers VF2_t1, FishF2_t1, FishR2_t1 and FR1d_t1) was run according to Ivanova et al. 2007 (94°C for 2 min; 35 cycles of 94°C for Ó 2011 Blackwell Publishing Ltd 30 s, 52°C for 40 s and 72°C for 1 min; 72°C for 10 min; 4°C indefinitely). PCR products were cleaned on a BIOMEK automated apparatus using the Ampure system. Cycle sequencing was performed using BigDye reagents (Perkin Elmer, Waltham, MA, USA). Both strands of all PCR products were sequenced with the same primers and used to amplify the products except in the case of COI-3 primer cocktail products, which were sequenced using the M13F and M13R primers. Cycle sequencing PCR was run as follows: 96°C for 5 m; 35 cycles of 94°C for 15 s, 50°C for 15 s, 60°C for 4 m; 4°C indefinitely. Cycle sequencing products were ethanolprecipitated and run on an ABI3770 automated sequencer (Applied Biosystems, Foster City, CA, USA).
Sequence variability and distance-based species identification
Novel sequences were assembled and edited in Sequencher (Gene Codes Corporation) and added to a set of publicly available sequences downloaded from BOLD. As nuclear paralogues (numts) have already been detected in several turtle species Spinks & Shaffer 2007) , all sequences were systematically screened to identify numts. Multiple primer pairs were used in most cases to increase the chance of amplifying the true mitochondrial sequence, and all suspected numts (sequences with premature stop codons or frameshift mutations) were expunged from the data set. Sequences were aligned in MEGA 4 (Tamura et al. 2007 ) and trimmed to a region 650 nucleotides in length. The fragment used here begins at base pair 62 of the complete COI sequence (base pair 5453 of the complete Chrysemys picta mitochondrial genome), with codon 22 in the translated COI amino sequence being the first complete codon in the fragment. These sites are designated as the first nucleotide and amino acid positions, respectively, in our data set.
Sequence composition and substitution pattern for the entire data set, the number of variable nucleotide and amino acid sites in the data set, and pairwise Kimura 2-parameter (K2P) sequence divergences within groups at multiple taxonomic levels (intraspecific, between species of the same genus and between species (Hebert et al. 2003 (Hebert et al. , 2004 . The distribution of pairwise K2P values at each taxonomic level was visualized using a density plot in R (R Foundation for Statistical Computing, Vienna, Austria). Pearson product-moment correlations and Spearman rank correlations between sample size and mean intraspecific distance were also calculated in R to determine whether the number of available samples affected estimates of intraspecific distance. Two neighbour-joining trees, one for pleurodiran species (side-necked turtles) and one for cryptodiran species (all other turtles), were constructed in MEGA 4 strictly to allow for the visualization of K2P distances for all novel sequences produced in this study. Trees were displayed using the Interactive Tree of Life web service (http://itol. embl.de; Letunic & Bork 2006) . Previously published sequences were excluded from these trees because of space considerations. Species were organized into one of four categories (after Hebert et al. 2004 ) based on pairwise K2P distances. The categories used were as follows: Category I (maximum intraspecific distance <2%, minimum interspecific distance >2%), Category II (maximum intraspecific distance ‡2%, minimum interspecific distance >2%), Category III (maximum intraspecific distance <2%, minimum interspecific distance £2%) and Category IV (maximum intraspecific distance ‡2%, minimum interspecific distance £2%). In species where only one individual was sampled, categories I and II and categories III and IV were conflated as only interspecific distances could be measured.
Character-based analysis and online identification engine
Pure unique identifying characters, defined here as single-nucleotide states that distinguish a species from others in its family, were determined for each family using the Characteristic Attribute Organization System (CAOS; Sarkar et al. 2002 Sarkar et al. , 2008 Bergmann et al. 2009 ). When all members of a species share these characters, they are termed 'simple pure characters' (sensu Sarkar et al. 2002) . Characters were identified at the family level to correspond with the previous studies (Kelly et al. 2007; Rach et al. 2008; Damm et al. 2010; Naro-Maciel et al. 2010; Yassin et al. 2010) . A guide tree was first produced using the maximum parsimony module in Phylip (v3.67; Felsenstein 1989) and modified to group individual samples according to current species designations (Turtle Taxonomic Working Group 2007). This guide tree was then incorporated into a NEXUS file containing COI sequence data in MacClade (v4.06; Maddison & Maddison 2000) , and the p-gnome script (Rach et al. 2008; Sarkar et al. 2008 ) was used to identify characters. The proportion of all species exhibiting within-family identifying characters, as well as the proportion in each family, was calculated. Finally, the number of species exhibiting within-family characters for each of the distance-based categories was evaluated.
An online identification engine ('Project Turtle' in the Ruby-CAOS website, http://boli.uvm.edu/caos-workbench/htdocs/caos.php) was designed to allow for the implementation of the character-based identification method in a manner similar to the user-friendly BOLD interface for distance data. Sequences supplied to the website are first assigned to a family, after which the CAOS-Classifier script in RubyCAOS is employed to establish species identity using the family-level characters described here. If a positive identification is made, the site provides a link to the species description in the Turtles of the World database (http://nlbif.eti.uva.nl/ bis/turtles.php); if no identification is possible, a list of possible species is provided.
Results
Taxonomic range and Red List coverage
Information for the taxa included in this study is given in Table S1 (Supporting information). Overall, 220 species from all 14 chelonian families (four of which had no representation in the barcode database before) are represented in the final data set. Of the 204 valid, extant turtle species on the Red List, 35 (17%) had been previously barcoded and another 149 (73%) were barcoded in this study. Owing to the rarity of many of these turtles, multiple samples were not available for all species; however, two or more sequences were available from 69 of the species included in this study.
Barcode fragment variability and distance-based species identification
Approximately half of the nucleotide positions (51.8%) were variable across the data set. Nucleotide composition showed a bias against G consistent with that observed previously in turtles (Spinks et al. 2004) , and transitions were more frequent than transversions. Approximately two-fifths (40.7%) of amino acid positions were variable (Table 2) .
Mean intraspecies K2P divergence across 1403 possible pairwise combinations was 1.3% (Fig. 1) . Variance was high, however [standard deviation (SD) = 2.2%], and pairwise intraspecific distances >2% were observed in 15 Ó 2011 Blackwell Publishing Ltd of the 69 species with n > 2. The Pearson and Spearman tests for correlation between sample size and intraspecific divergence gave conflicting results (Pearson's r = 0.01, P = 0.91; Spearman's rho = 0.26, P = 0.029). This indicates a positive relationship between relative (but not absolute) sample size and intraspecific divergence, meaning that although intraspecific distances may be somewhat underestimated in undersampled species there is no linear relationship between sample size and divergence. Mean pairwise divergence between congeneric individuals was 6.4% (SD = 2.6%, Fig. 1 ). Pairwise K2P differences of <2% were observed between 49 species. Mean intrafamily divergence was 13.6% (SD = 4.3%, Fig. 1 ). All sequences were uploaded to BOLD and analysed using the BOLD interface, yielding similar results in all cases.
Genus and species groupings for novel sequences on the distance-based trees (Fig. 2) were broadly congruent with the accepted taxonomy (although some accepted genera and species were not monophyletic on the tree). Very low levels of divergence (<1%) were apparent between certain species in some genera (Elseya, Pseudemys, Graptemys, Trachemys, Kinosternon, Mesoclemmys), while very high levels of intraspecies divergence (>4%) were observed in five species (Kinosternon integrum, Elseya novaeguineae, Emydura subglobosa, Acanthochelys radiolata and Amyda cartilaginea). For species with multiple samples, 43 (62%) were placed in Category I, 9 (13%) were placed in Category II, 11 (16%) were placed in Category III and 6 (9%) were placed in Category IV. For species with one sample, 119 (79%) were placed in Category I ⁄ II and 32 (21%) were placed in Category III ⁄ IV (Fig. 3) .
Character-based identification
Characteristic Attribute Organization System analysis produced sets of simple identifying characters capable of distinguishing species from all others in their respective families for 155 of the 218 species (71%) in nonmonotypic families. The proportion of species in a given family possessing simple diagnostic traits (Fig. 4) varied from 100% (Cheloniidae, Chelydridae, Pelomedusidae, Podocnemididae) to lower than 60% (Emydidae, Geoemydidae). Example sets of simple identifying characters (in which some characters identified by CAOS are excluded for reasons of space) are shown for the families Podocnemididae (Table 3a) and Trionychidae (Table 3b) . Identifying characters could be found in 130 of the 162 species (80%) successfully distinguished by a distance-based threshold (i.e. species in categories I or I ⁄ II). Identifying characters were found for 23 of 58 species (40%) in which classification by a distance threshold failed (i.e. species in Categories II, III, III ⁄ IV or IV) (Fig. 3) . ie lla cr a ss ic o lli s P a n g sh u ra s m it h ii P a n g s h u ra te n to ri a P a n g sh u ra C ar et to ch e ly s in sc ul p ta C y c la n o rb is s e n e g a le n s is 1 C y c la n o rb is s e n e g a le n s is 2 C y cl a n o rb is e le g a n s L is s e m y s p u n c ta ta L is s e m y s s c u tt a ta 
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Discussion
The barcode sequences assembled here provide a potentially crucial resource for turtle conservation. Barcode records previously existed for only about 50 species; this study more than quadruples that number, allowing approximately two-thirds of extant species to be identified using molecular means and adding entire families to the barcode database that was previously missing. Over the course of the barcoding process, apparent genetic structure was identified in several poorly studied groups, indicating the possible existence of evolutionarily significant units within these putative species that merit further study and possibly extra consideration in conservation efforts. This study also compares distance-based and character-based methods for species identification, and by combining the two highlights a 'third way' for DNA barcoding that may be useful in improving identification efficiency in taxa for which neither distance nor characters are a perfect fit. While members of the barcoding community have advanced several different methods of distinguishing species using COI sequence information, the distancebased method advanced by Hebert et al. (2003) has become and in all probability will remain the standard, workhorse method used in DNA barcoding. Distancebased barcoding uses a 2% divergence (K2P > 0.02) cut-off for vertebrates to determine species identity, implying that individuals should be <2% divergent from members of their own species and more than 2% divergent from members of other species. A maximum of 161 turtle species examined in this study (73%) can be effectively distinguished using this criterion. This is probably an overestimate, as (i) undetected intraspecific divergences >2% may exist in undersampled species and (ii) all closely related species were not sampled for the species examined, leaving open the possibility that some unsampled species could be <2% divergent from the species examined here. In the group of species with more than one individual sampled, the intraspecific divergence criterion was violated about as many times as the interspecific divergence criterion (nine species in Category II vs. 11 species in Category III). As such, raising or lowering the divergence cut-off would probably do little to improve the proportion of species successfully distinguished by a distance-based method.
Species in Category II (high intraspecies divergence) have been targeted as probably examples of cryptic diversity (Hebert et al. 2004) . Although many of the species identified in this category are rare and ⁄ or poorly studied, some evidence points to the existence of cryptic variability within several species. Elseya novaeguineae, for example, is regarded as a probably species complex (Georges & Thomson 2009) , and the individuals barcoded here fall into three distinct clusters based on COI sequence. Erymnochelys madagascariensis, another species that is thought to contain multiple population units (Rafeliarisoa et al. 2006) , also violated the 2% threshold. In the case of the relatively well-studied species Cuora galbinifrons, intraspecific divergences of >2% in the publicly available COI sequences do indeed map to three distinct clades which argued should be granted full species status based on genetic and morphological divergences. This example from the public data seems to support the possibility that these high intraspecific divergences may represent cryptic diversity. However, the controversy surrounding these designations (Turtle Taxonomic Working Group 2007), and Proportion with simple diagnositcs Fig. 4 Proportion of species in the total data set and in each family with identifying characters capable of distinguishing a given species from all others in its family.
indeed species delimitation based on mitochondrial data alone (Georges & Thomson 2009) , reinforces the need for further study including nuclear markers and morphological characteristics to determine the exact nature of this diversity. In some cases, patterns identified in COI match biogeographic patterns that have been documented in better-studied species, suggesting that similar evolutionary processes may have been at play in both. For example, Kinosternon integrum is broadly sympatric with the Central American iguanid species Ctenosaura pectinata, in which high levels of cryptic diversity as well as secondary contact between closely related species have produced patterns of mtDNA structuring (Zarza et al. 2008) similar to those noted here. Observations of low interspecific differentiation (represented here by species in Category III) have been attributed to hybridization and resulting mitochondrial introgression between species, recent speciation or synonymy (Hebert et al. 2004) . The frequency of low interspecific divergence in turtles can be attributed to several unique aspects of turtle biology. Evidence from marine turtles in the family Cheloniidae (Karl et al. 1995; LaraRuiz et al. 2006) indicates that some turtle species are still able to hybridize after tens of millions years of separation, and instances of intergenus hybridization have been recorded in other turtle families as well (Parham et al. 2001; Buskirk et al. 2005) . Interspecies and even intergenus hybridization may then be possible, if not necessarily frequent, in the wild for many species. Low rates of both molecular evolution and chromosomal rearrangement in turtles (Bickham 1981; Avise et al. 1992) may make this hybridization possible by delaying the evolution of genetic barriers to reproduction. Slower rates of molecular evolution may themselves also be an explanation for low levels of differentiation in species that do not hybridize. Because mitochondrial genes tend to accumulate differences at a rate several-fold slower in turtles than in other vertebrates (Avise et al. 1992) , species considered 'recent radiations' will probably be nearly identical at COI.
These alternate explanations can be evaluated for some of the well-studied species by using known species 
Ó 2011 Blackwell Publishing Ltd ranges to rule out hybridization events. Most of the Graptemys species sequenced here are reciprocally allopatric and isolated in separate river drainages (Lamb et al. 1994) . Only one species sequenced here (G. gibbonsi) has a range wide enough to overlap with those of other species (G. oculifera and G. flavimaculata), and G. gibbonsi is relatively well differentiated from these two species within the genus for the barcode fragment. As such, current hybridization is unlikely between the Graptemys species examined here. However, hybridization with the more widely distributed Graptemys species (G. ouachitensis and G. pseudogeographica) remains a possibility. Previous molecular work has identified strikingly low differentiation among Graptemys in a coding mitochondrial gene and attributed this to recent (<2.5 million years ago) speciation coupled with low rates of molecular evolution (Lamb et al. 1994) . Similar explanations for low levels of diversification can be invoked for allopatric species in the recently diversified genera Trachemys and Pseudemys, although hybridization has been noted between Pseudemys species in rare cases (Crenshaw 1965) . In the family Emydidae, therefore, slow molecular evolution and recent speciation certainly seem to be major causes of low interspecific diversity, although hybridization cannot be ruled out. However, little is known about divergence times or the likelihood of hybridization for other species exhibiting low levels of divergence, and further research will be necessary before these contributing causes can be fully evaluated. Hebert et al. (2004) identified species in Category IV (high intraspecific divergence, low interspecific divergence) as probably examples of sample misidentification. This interpretation, however, assumes that introgression of mitochondrial haplotypes from species more than 2% divergent is either extremely unlikely or impossible. While this assumption may be valid in other taxa, it is demonstrably false for turtles. Several examples from the public data analysed here bear this out. For Cuora trifasciata, a species falling into Category IV in our analysis, introgression has produced several highly differentiated mitochondrial clades within the species, even though individuals form only one nuclear clade (Spinks and Shaffer 2007) . Feldman & Parham (2004) hypothesize that introgression with Mauremys annamensis is a probably cause of high mitochondrial differentiation within another Category IV species in our analysis, Mauremys mutica, and hybridization has been recently noted between Mauremys reevesi and Mauremys sinensis (Fong & Chen 2010) . As such, hybridization cannot be ruled out as an explanation for anomalous divergences within species sequenced in this study falling into Category IV (Trachemys venusta and Emydura subglobosa).
While distance-based barcoding will probably be effective in discriminating the majority of turtle species, this method seems to fail for a fairly large proportion of species. Character-based barcoding provides an attractive complement to distance-based barcoding, especially in turtles where interspecific divergences are probably to fall below the established threshold in closely related species. Relatively, few studies have been performed to date using character-based barcoding methods (Kelly et al. 2007; Rach et al. 2008; Damm et al. 2010; Naro-Maciel et al. 2010; Yassin et al. 2010) . All have used the CAOS algorithm to determine characters that serve as unique species identifiers. This approach was shown to be more successful for differentiating 19 species within a mollusk genus (Mopalia) than distance-based barcoding (Kelly et al. 2007) . A set of pure characters identified by CAOS, combined with several additional characters to form a compound character, was found to be effective for differentiating 54 of 64 species of Odonata (dragonflies and damselflies; Rach et al. 2008) . The character-based approach had not previously been attempted on a set of species as large as the one examined in this study.
The efficacy of the simple characters identified by CAOS as species identifiers varied between families. The case of the Podocnemididae represents an extremely successful application of character-based barcoding; all species in the family are represented and each possessed simple identifying character states. Even in Erymnochelys madagascariensis, a species that displayed >2% intraspecies divergence, the diagnostic characters could unambiguously differentiate each individual in this species from those of other species. In the case of the Trionychidae, 16 of 19 species could be distinguished by simple characters. However, the remaining three species could be identified using the heuristic method of finding a character that unites them with a group containing only species with simple identifiers (all of which can then be distinguished by these characters). In larger families, the number of species for which characters could be found seemed to decline, possibly because of the increased likelihood of homoplasy and back mutations. As such, splitting families into smaller groups and considering compound characters could increase the success of a character-based method. However, a major caveat for all character-based analysis presented here is that, attributed to limited sample size, these character states may not be fixed.
For the species examined here, combining identifying characters with distance-based methods offers an effective means of increasing the proportion of species that can be successfully identified. Twenty-four species violating the distance threshold possessed identifying characters, meaning that incorporating these characters into the identification process would increase the total proportion of species identified by more than 10%. Identifying characters could be incorporated by a stepwise process, as shown in Fig. 3 , in which species are first identified according to distance-based criteria and then by using identifying characters if ambiguities still remain. The CAOS-based online identification engine described here provides a user-friendly means of carrying out the character-based portion of this approach. However, while characters may aid in species identification, they are not a perfect fix. Species that have extremely similar COI haplotypes, such as those in the genus Graptemys, often lacked identifying characters simply because of the lack of available variation in COI. Hybridization and introgression are also serious problems for any mitochondrial identification method. As such, identifying characters provided no resolution for species in Category IV (where introgression was probably an issue). Given the prevalence of introgression among turtle species, the use of a nuclear marker as a supplement to COIbased barcoding methods may be particularly valuable. Promising candidates for a nuclear barcode marker include the following: recombination activation gene 1 (RAG-1; Krenz et al. 2005) and the RNA fingerprint protein 35 intron (R35; Fujita et al. 2004) . Many of the specimens used to generate the novel COI sequences included in this work are currently being sequenced for R35 and RAG-1 as part of separate phylogenetic studies focusing on particular taxa, including the Kinosternidae (Iverson JB, Le M in preparation) and the Australian Chelidae (Georges A, Reid BN, Zhang X, Charlton TR, McCord WP, Le M, in preparation); as such, the utility of both R35 and RAG-1 as complements to the COI-based barcoding presented here will be assessed in the near future.
While this study shows that accepted barcoding paradigms may be insufficient for species identification in some turtle groups, most species can be effectively discriminated by using a combination of existing methods. The existence of a genetic species identification method for turtles can assist in enforcement of existing laws regulating the traffic of turtles and turtle products and in characterizing the extent of trade in species, especially when these species are traded in otherwise unrecognizable forms. Barcoding could also have a number of possible uses in turtle ecology and conservation beyond its obvious utility in controlling wildlife trade. For example, barcoding of gut contents has been used to elucidate trophic interactions that are hard to observe otherwise (Zeale et al. 2011) . With the addition of turtle sequences to the barcode database, these studies could detect depredation of turtle eggs, which is extremely high for many turtle species and constitutes one of the most important sources of mortality for a group that is otherwise superbly well armoured (Spencer & Thompson 2003) . Turtles are in urgent need of protection, and the barcode sequences provided here will provide a useful tool for conservation and management.
